Editor's key points † The practice of out-of-theatre tracheal intubation was evaluated in nine different hospitals. † The main findings include lack of capnography and high incidence of adverse events. † In agreement with the 4th National Audit Project, the study highlights the areas of concern, and possible improvement, in the current clinical practice.
Tracheal intubation is frequently performed outside the operating theatre, often during resuscitation of physiologically unstable patients or in an emergency to secure the airway. These situations occur unpredictably, frequently out of hours, and intubation is often performed by relatively junior medical staff working without direct supervision. Equipment that must be available in an anaesthetic room, such as a capnography or difficult airway rescue equipment, may not be immediately to hand in the emergency setting. As a result, the risks associated with out-of-theatre tracheal intubation are greater than those associated with intubation performed in theatre.
Recently published guidelines from the Intensive Care Society (ICS) have recommended that 'capnography should be used for all critically ill patients during the procedure of tracheal intubation when performed in the intensive care unit' and that capnometry or capnography should be used when tracheal intubation is required in general ward areas. 1 The Association of Anaesthetists of Great Britain and Ireland (AAGBI) published similar guidance in 2009 2 and the use of capnography for tracheal intubation following cardiac arrest forms part of the 2010 Resuscitation Council guidelines for Advanced Life Support in Adults. 3 The report of the 4th Royal College of Anaesthetists National Audit Project (NAP4) on major complications of airway management in the UK identified lack of capnography as a major factor in airway mortality and morbidity outside the operating theatre environment. 4 However, a recent survey of capnography use in 315 intensive care units (ICU) in the UK and Republic of Ireland reported that only 32% of units 'always' and 42% 'sometimes' used capnography for tracheal intubation. 5 Previous UK studies have examined when, why, and by whom intubation is performed outside the operating theatre, 6 7 but these studies predate the current guidelines. It has recently been demonstrated that a safety intervention at the time of intubation can reduce the incidence of adverse events. 8 The present study was undertaken to assess the current practice, compliance with the recently published guidelines, and the incidence of adverse events during out-of-theatre intubation in our region.
Methods
Data were collected prospectively on all tracheal intubations occurring outside the operating theatre within our Deanery during a 1 month period. Audit approval was obtained in advance from each participating institution, and a local reporter was nominated at each hospital to coordinate data collection. Regular meetings of the local reporters were held during the study period to maximize consistency in data collection. The regional Research Ethics Committee was informed of the study and confirmed that formal ethical approval was not required.
Nine hospitals were involved: five district general hospitals (DGHs) and four tertiary referral hospitals, including the regional paediatric centre. Most major medical and surgical subspecialities are represented in our institutions, including trauma, burns, paediatrics, renal dialysis and transplant, interventional cardiology, cardiothoracic surgery, and neurosurgery.
We included all tracheal intubations performed outside the areas normally used and equipped for the administration of general anaesthesia. Data on patients undergoing tracheal intubation during the management of cardiac arrest were collected in order to ensure inclusion of patients induced immediately after return of spontaneous circulation. Patients whose indication for tracheal intubation was cardiac arrest and who were intubated without the use of drugs were excluded from analysis. Neonates intubated on the labour ward or NICU/SCBU were also excluded, as it was felt that their routine management significantly differed from that of older patients. The local reporter in each hospital was able to choose their own methods, suited to local work patterns, for minimizing missed intubations. Methods used included personal discussion with the ICU registrar at the end of each shift, attendance at hand-over meetings, and reviews of emergency department (ED) records. Senior anaesthetic and ED staff in the involved institutions were aware of the study to maximize returns. At the end of the study period, the local reporter for each hospital provided an estimate of the completeness of their data-accurate (,2% of intubations missed), close estimate (2-10% of intubations missed), or estimate (.10% of intubations missed).
Data were collected using a standardized pro forma. The data set collected for each intubation is shown in Table 1 . The pro forma was completed as soon as possible after the intubation by the intubating doctor in conjunction with the local reporter. All procedures were performed according to the standard practice of the institution and treating team. Day time was defined as between 08:00 and 20:00 h. Urgency was defined as real (immediate intubation required), relative (intubation required within an hour), or deferred (intubation could wait for more than an hour). An experienced intubator was defined as one with 6 months or more of anaesthetic experience. The speciality of the primary intubator was defined as the base speciality of the team member who had the first attempt at tracheal intubation.
We also collected data using the pro forma on adverse events occurring around the time of attempted tracheal intubation. Categorical adverse event data collected were modelled on the data set used in a similar study 9 of intubation within an ICU ( Table 2 ). Significant hypotension was defined as any of: a systolic arterial pressure ,65 mm Hg at any time; a systolic arterial pressure persistently ,90 mm Hg despite fluid challenge; or a requirement for initiation of vasoactive support. Significant hypoxaemia was defined as a decrease in Sp O 2 to lower than 80%. Challenging intubation was defined as any of: three or more attempts at laryngoscopy; intubation attempts taking more than 10 min; intubating adjunct or alternative blade required; or need for alternative intubator.
Results
Two hundred and three patients required out-of-theatre tracheal intubation in the nine hospitals during the study period. The median number of tracheal intubations per hospital was 20 (interquartile range, 16 -24) . We excluded 39 patients in cardiac arrest who were not given anaesthetic agents before intubation. Anaesthetic agents were used in a further seven patients presenting with cardiac arrest; these patients were included in the analysis. In six hospitals, the local reporters assessed their data as accurate; in a further two hospitals, the data were assessed as being a close estimate. One hospital gave no indication of the accuracy of their data. Using these values, we estimate that approximately seven intubations in the region as a whole were not captured by our study.
The results are presented in Table 3 . The procedure was performed by an experienced intubator in 136 (83%) cases. Of the intubations performed by an inexperienced intubator, 22 out of 27 were directly supervised by an experienced intubator. In one case, the experience level of the intubator was not recorded.
A consultant was present for 68 cases (41%), and overall a second intubator of any grade was present for 94 procedures (57%), including 55 out of 90 day-time intubations and 39 out of 73 night-time intubations. The grade and speciality of the primary intubator, and the grade of the most senior doctor present by time of day are shown in Supplementary Figures S1 and S2.
Drugs used to aid intubation are listed in Supplementary  Table S1 . When hypnotic agents, opioids, or both were given, consultants and speciality trainees in years 5-7 (ST5-7) were less likely to use propofol [82 of 110 (75%)] than nonconsultant career grade (NCCG) doctors and more junior trainees [41 of 44 (93%)]. Where neuromuscular blocking drugs (NMBDs) were used, consultants and ST5-7 doctors were more likely to use non-depolarizing agents [39 of 115 (34%)] than more junior trainees or NCCG doctors [4 of 48 (8%)].
Fluid loading was given in 73 cases (45%) and considered not to be indicated in a further 66 procedures (40%). One hundred and fifty-three patients were pre-oxygenated (93%). In seven patients, pre-oxygenation was felt to be impossible (4%).
Technical aspects associated with intubation are detailed in Table 4 . Supplementary Figure S3 shows capnography use by location, hospital, and urgency of intubation. Reasons given for not using capnography included 'unavailable' [25 out of 52 cases (48%)] and 'forgotten' [16 out of 52 cases (31%)].
Adverse event data are presented in Table 5 . Overall, 64 patients (39%) suffered at least one adverse event.
Discussion
The timing and location of out-of-theatre intubations are similar to those reported previously. 10 11 Only five intubations were performed by inexperienced doctors without direct supervision. The majority of intubations were performed by doctors identifying anaesthesia as their base speciality. This differs from a previous study in the UK, where intubations were performed approximately equally by anaesthetists and non-anaesthetists in the ED of one teaching hospital. 6 The higher proportion of intubations performed by anaesthetists in our study reflects the different staffing levels and expertise available in most DGHs and the broader range of locations studied.
Over 75% of out-of-theatre intubations in the region were accomplished with the aid of propofol. This significantly differs from previous descriptions. Previous UK data showed the use of propofol in only 49% of rapid sequence inductions, with the remainder using mostly thiopental or etomidate. 6 One Canadian study reported propofol use in only 11% of intubations, with the majority of cases using ketamine or midazolam. 10 Another large case series reported etomidate use in 50% of intubations, with propofol in 14% and thiopental in 9% of cases. 9 In a recent case series from the USA, etomidate was used in 57% of intubations, with propofol in only 18%. 12 In previous series, NMBDs were used in 62-77% of intubations. 8 -10 An association between the use of NMBDs and reduced adverse events has been demonstrated, 9 with a trend towards fewer adverse events with the use of succinylcholine than with a non-depolarizing agent. In our series, neuromuscular blocking agents were used in 95% of cases and succinylcholine in 69% of cases.
The availability of suction and a bougie in 98% and 96%, respectively, of intubations is in line with guidelines published by the AAGBI and the ICS. 1 13 However, the absence of an alternative airway such as a laryngeal mask in 12% of cases is concerning. It is unclear whether this represents genuine non-availability of an alternative airway or whether the intubator was unfamiliar with its location. However, the immediate presence of such a rescue airway device is a core part of the Difficult Airway Society guidelines Out-of-theatre intubations for the management of an unanticipated difficult intubation 14 and either scenario can therefore be regarded as a significant safety failing.
The 2009 ICS guidelines on intubation include a strong recommendation that capnography be used for all tracheal intubations on the ICU. 1 It is therefore disappointing that capnography was used in only 72% of intubations on the ICU and in only 68% of intubations overall. A capnograph was used in only 20% of intubations in general ward areas. The development of highly portable capnography devices 15 suggests that this is an area where considerable improvements in practice could be made. However, one hospital in the region used capnography in every intubation, across all areas, urgencies, and staff groups. This demonstrates that with appropriate culture change and resourcing, it is possible to achieve the proposed standards. The NAP4 report shows that airway interventions outside theatre are more likely to result in adverse events with a serious outcome. 4 In NAP4, 74% of deaths or serious neurological injuries occurring as a result of airway interventions in the ED or ICU were associated with the absence of capnography. Other factors implicated in adverse events were lack of supervision of junior staff and unfamiliarity with emergency airway techniques, particularly surgical cricothyrotomy. The NAP4 report did not assess airway interventions occurring in general ward areas, but our data suggest that this environment may be more prone to adverse events than the ICU or the ED.
Thirty-nine percent of the patients in our series suffered at least one adverse event associated with tracheal intubation. This includes 35% of the patients who suffered a severe adverse event-death, cardiac arrest, significant hypoxaemia, or significant hypotension. Using similar definitions, previous studies have demonstrated severe adverse event rates from 21% to 34%, 8 9 although these studies excluded patients undergoing intubation outside the ICU. Patients intubated on the ward or in the ED may be more unwell than those who can wait for ICU admission before intubation.
Our rate of severe hypotension was 23%, which is similar to previous reports. 8 9 It is higher than the rate of 9.7% which was reported in one series; 10 however, that study excluded patients who were hypotensive or hypoxaemic before intubation. The high use of propofol in our study may have contributed to the incidence of hypotension in our series. Previous authors have advised against the use of propofol in critically ill patients, citing its increased potency in shock even after adequate fluid resuscitation. 16 Additionally, a care bundle shown to reduce complications of intubations in the ICU included the use of etomidate or ketamine for induction. 8 Others have recommended the use of ketamine over etomidate, citing the potential for the latter agent to induce adrenal suppression after a single dose. 17 We observed an association between increasing seniority of intubator and increasing use of alternative induction agents. This could represent the involvement of more senior staff in the management of the sickest patients, where propofol was avoided, or it may represent a greater familiarity with other agents.
Significant hypoxaemia was seen in 21 patients (13%), well below the rate reported in some previous studies. 9 10 In addition, the rate of 'challenging intubation' in our series (7%) is lower than reported previously. 8 -12 Twelve patients were recorded as having 'challenging intubation', including five patients where a second intubator was required and two patients where more than two attempts at laryngoscopy were required. None of these patients suffered significant hypoxaemia, suggesting that appropriate measures were taken to ensure oxygenation. No data were collected on the technique or duration of preoxygenation. Measures such as head-up positioning 18 and the use of PEEP during preoxygenation 19 have been shown to reduce hypoxaemia at the time of intubation. We speculate that the low rate of hypoxaemia and airway complications may be related to the high proportion of intubations undertaken by those with anaesthesia as a base speciality, and to the almost universal use of NMBDs.
We recorded four deaths around the time of tracheal intubation, although in three of those cases the indication for intubation was cardiac arrest. Whether the deaths of any of these patients were directly due to attempts at intubation or due to the nature of their underlying disease cannot be ascertained from the data that we collected. We did not collect any data on the physiological state of the patients before intubation. This limits our ability to interpret the adverse event rate, the reasons for the choices of drugs used, and the patterns of senior supervision.
Many of the adverse events on which we collected data may have existed before intubation, particularly hypotension and hypoxaemia, and indeed, these may have been among the indications for intubation. We have used the term 'adverse events' rather than 'complications' as the events may not be directly attributable to the intubation. It is therefore unlikely that these events can be eliminated completely. However, appropriate management of the peri-induction period can significantly reduce the rate of these adverse events, 8 and so we feel that their inclusion as a marker of the quality of management is appropriate.
Although every effort was made to ensure that data were collected on all intubations, it is likely that some were missed. However, the high level of confidence in the data expressed by the local reporters in each hospital suggests that this number is likely to be small (,5% of the recorded cases). Treating teams were not blinded to the existence of the study, as their assistance was essential to maximize data capture. Knowledge of the study may have altered the practice of treating teams during the study period. The data were self-reported, introducing the risk of bias from clinicians not reporting adverse events which they felt (in retrospect) might be judged as poor practice. Statements regarding the availability of equipment may also have varied between individuals; some may have only counted an item as 'available' if it was opened and ready on the equipment trolley, while others may have been satisfied if it was available nearby if required. The use of anonymous forms, and the assistance of the local reporter in filling them in, may have reduced these effects.
Minimum standards of training for those assisting in airway management outside the operating theatre have been recommended by the AAGBI 20 and reiterated in NAP4. 21 We did not collect data on the availability of trained non-physician assistance at the time of intubation. This may have had an influence on the rate of adverse events and warrants further investigation.
Despite these limitations, we have shown that out-of-theatre intubations are commonly performed by a wide range of staff in a wide range of locations in our region, and with an adverse event rate similar to that reported previously. However, we feel that improvements can be made to the safety of intubation in our region. The introduction of a safety intervention 8 has previously been Out-of-theatre intubations shown to reduce the rate of adverse events associated with tracheal intubation. We have therefore developed a preintubation 'challenge-response' checklist 22 to be used by the treating team immediately before intubation (Supplementary Appendix), which has been adapted and endorsed by the NAP4 authors. 21 Further studies will aim to demonstrate that the use of this checklist can improve the delivery of key safety measures at the time of out-of-theatre intubation.
Supplementary material
Supplementary material is available at British Journal of Anaesthesia online.
